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( 57 ) ABSTRACT 

The present disclosure relates to semiconductor structures 
and , more particularly , to via structures and via patterning 
using oblique angle deposition processes . The method 
includes : depositing a material on a lower wiring layer ; 
forming one or more openings in the material ; filling the one 
or more openings with a conductive material ; growing via 
structures on the conductive material ; forming interlevel 
dielectric material on the via structures , and forming an 
upper wiring layer on the interlevel dielectric material and in 
contact with the via structures . 
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VIA STRUCTURES AND VIA PATTERNING drawings by way of non - limiting examples of exemplary 
USING OBLIQUE ANGLE DEPOSITION embodiments of the present disclosure . 

PROCESSES FIG . 1 shows openings in a material above a lower wiring 
layer and respective fabrication processes in accordance 

FIELD OF THE INVENTION 5 with aspects of the present disclosure . 
FIG . 2 shows a liner and barrier material within the 

The present disclosure relates to semiconductor structures openings and in contact with the lower wiring layer , amongst and , more particularly , to via structures and via patterning 
using oblique angle deposition processes . other features , and respective fabrication processes in accor 

dance with aspects of the present disclosure . 
BACKGROUND FIG . 3 shows metal material in the openings and respec 

tive fabrication processes in accordance with aspects of the 
Via structures ( e.g. , interconnect structures ) are a critical present disclosure . 

component of semiconductor devices . For example , via FIG . 4 shows via structures and respective fabrication 
structures are used to interconnect wiring structures on processes in accordance with aspects of the present disclo 
different layers of the device . The via structures are formed 15 sure . 
by complex fabrication processes , e.g. , lithography , etching , FIG . 5 shows interlevel dielectric material surrounding 
deposition and planarization processes , which are costly and the via structures , amongst other features , and respective 
time consuming . fabrication processes in accordance with aspects of the 
More specifically , after a deposition of interlevel dielec present disclosure . 

tric material over a lower wiring layer , lithography and 20 FIG . 6 shows an upper wiring layer in contact with the via 
etching processes require deposition of several different structures and respective fabrication processes in accor 
hardmask layers and resist formation , followed by exposure dance with aspects of the present disclosure . of energy through complex masking processes . After each of 
the etching processes , the material needs to be removed . DETAILED DESCRIPTION 
Once a trench or via is formed in the interlevel dielectric 
layer , a metal deposition process is required to form the via The present disclosure relates to semiconductor structures structures . The deposition process , though , leaves a residue 
of metal material on the interlevel dielectric material , requir and , more particularly , to via structures and via patterning 

using oblique angle deposition processes . More specifically , ing additional processing steps , e.g. , including a chemical 
mechanical polishing ( CMP ) process . In addition , as tech the present disclosure provides an oblique angle deposition 
nology nodes continue to scale downwards , the fabrication 30 process for via patterning ( via formation ) . In more specific 
processes become ever more complex and costly . embodiments , a shadowing effect of an oblique angle depo 

sition technique , including , but not limited to , glancing 
SUMMARY angle deposition , is used to achieve via patterns . Advanta 

geously , the oblique angle deposition process will reduce the 
In an aspect of the disclosure , a method comprises : 35 number of steps involved in via patterning . 

depositing a material on a lower wiring layer ; forming one In embodiments , the method of forming the via structures 
or more openings in the material ; filling the one or more includes patterning a first material , e.g. , nitrogen or oxygen 
openings with a conductive material ; growing via structures doped carbide ( NDC ) , to expose an underlying wiring layer , 
on the conductive material ; forming interlevel dielectric followed by depositing a liner , barrier material and seed 
material on the via structures ; and forming an upper wiring 40 layer within the patterned opening . In embodiments , the first 
layer on the interlevel dielectric material and in contact with material can also be an etch stop layer or any such layer used 
the via structures . to separate two metal layers . A copper ( Cu ) seed can be In an aspect of the disclosure , a method comprises : grown over the liner and barrier material . In embodiments , forming an insulator material on a lower wiring layer ; Cu seeds can be grown using a chemical vapor deposition forming one or more openings in the insulator material to 45 ( CVD ) process . The method further comprises growing via expose portions of the lower wiring layer ; forming a barrier 
layer in the one or more openings ; forming a conductive structures , e.g. , interconnect structures , using an oblique 
material on the barrier layer through an electroplating pro angle deposition process to form the via structures . Inter 
cess ; performing an oblique angle deposition process to level dielectric material is deposited over the via structures 
form via structures on the conductive material ; and forming using CVD , which is planarized using a chemical mechani 
an interlevel dielectric material over the via structures . 50 cal polishing ( CMP ) process . 

In an aspect of the disclosure , a method comprises : The via structures of the present disclosure can be manu 
patterning a nitrogen or oxygen based material formed on a factured in a number of ways using a number of different 
wiring layer , depositing liner and barrier material in the tools . In general , though , the methodologies and tools are 
pattern of the nitrogen based material ; filling in the pattern used to form structures with dimensions in the micrometer 
over the liner and barrier material with conductive material 55 and nanometer scale . The methodologies , i.e. , technologies , 
using an electroplating process ; growing vertical via struc employed to manufacture the via structures of the present 
tures on the conductive material ; depositing a low - k dielec disclosure have been adopted from integrated circuit ( IC ) 
tric material on the via structures ; etching back the low - k technology . For example , the structures are built on wafers 
dielectric material ; planarizing the low - k dielectric material and are realized in films of material patterned by photolitho 
and the via structures ; and forming an upper wiring layer on 60 graphic processes on the top of a wafer . In particular , the 
the low - k dielectric material and in contact with the via fabrication of the via structures uses three basic building 
structures . blocks : ( i ) deposition of thin films of material on a substrate , 

( ii ) applying a patterned mask on top of the films by 
BRIEF DESCRIPTION OF THE DRAWINGS photolithographic imaging , and ( iii ) etching the films selec 

65 tively to the mask . 
The present disclosure is described in the detailed descrip FIG . 1 shows openings in a material above a lower wiring 

tion which follows , in reference to the noted plurality of layer and respective fabrication processes in accordance 
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with aspects of the present disclosure . More specifically , the cal vapor deposition under conditions of obliquely incident 
structure 10 of FIG . 1 includes a layer of material 12 formed flux and limited adatom diffusion which results in a film with 
on a lower metal wiring layer 14. In embodiments , the layer a columnar microstructure . These columns are oriented 
of material 12 can be a nitrogen doped carbide ( NDC ) toward the vapor source . As deposition continues , the 
material ; although other insulator layers are also contem 5 columnar structures are influenced by atomic - scale ballistic 
plated herein . For example , the material 12 can be SiCN . shadowing and surface diffusion . These columnar micro 
The material 12 can be deposited by a CVD process to a structures can be fabricated into differently shaped nano 
thickness of about 10 nm to about 25 nm ; although other structures , i.e. , various morphologies , by rotating the sub 
dimensions are also contemplated herein . The lower metal strate in both polar and azimuthal directions . For example , 
wiring layer 14 can be copper , as an example . 10 in the present disclosure the via structures 22 are vertically 

Still referring to FIG . 1 , one or more openings 16 are oriented with a width of about 15 nm ; although other 
formed in the material 12 to expose portions of the lower dimensions and shapes are contemplated herein . In further 
metal wiring layer 14. The processes of forming the open embodiments , the aspect ratio of the via structures 22 can be 
ings 16 include conventional lithography and etching pro about 70 : 1 , as an example . 
cesses . For example , in forming the openings 16 , SION ( or 15 FIG . 5 shows interlevel dielectric material 28 over the via 
SiN : H where H can be as high as 50 % material ) , hardmask structures 22 , e.g. , interconnect structures . As briefly 
material and a resist are deposited over the material 12 . described , by depositing the interlevel dielectric material 28 
Using a mask , the resist is exposed to energy ( light ) to form over the already formed via structures 22 , a significant 
a pattern ( opening ) . An etching process with a selective reduction in fabrication steps and costs is achieved . For 
chemistry , e.g. , reactive ion etching ( RIE ) , will be used to 20 example , by implementing the processes described herein , 
form one or more openings in the hardmask material , e.g. , there is no longer a need for lithography and etching 
BARC . The resist is then removed by a conventional oxygen processes to form trenches in the interlevel dielectric mate 
ashing process or other known stripants . rial 28 , followed by a deposition of metal material and a 

The SiON is etched through the openings of the hardmask CMP process for forming the via structures . 
material to expose the underling material 12 , followed by 25 Still referring to FIG . 5 , prior to the deposition of inter 
removal of the SiON material . The openings 16 are then level dielectric material 28 , a barrier material 26 is deposited 
formed in the material 12 by etching through the openings on the via structures 22 ( e.g. , interconnects ) . In embodi 
of the SiON material . The SiON material is removed by ments , the barrier material 26 can be Ru or Co ; although 
conventional processes . In embodiments , the openings 16 other barrier materials are also contemplated herein . The 
have a width of about 10 nm to about 300 microns ; although 30 barrier materials can be deposited by conventional deposi 
other dimensions are also contemplated herein . It should tion methods including , e.g. , area selective deposition 
also be understood that the present disclosure is not confined ( ASD ) processes . Alternatively , the barrier metals can be a 
to circular / oval structures , but various shapes can also self - forming ier , e.g. , Mn . A self - forming barrier layer 
be formed . In addition , the vias need not be cylindrical but can be deposited after an annealing process , as should be 
rather they can be helical in nature . The helical shape would 35 known to those of skill in the art . The barrier material 26 can 
allow for the manipulation of resistance of the vias . be about 3 to 4 nm in thickness in order to prevent inter 

FIG . 2 shows liner and barrier material 18 within the diffusion of metal material of the interconnect structures into 
openings 16 and in contact with the lower metal wiring layer the insulator layer ( interlevel dielectric material 28 ) . 
14 , amongst other features . In embodiments , the liner can Following the deposition of the barrier material 26 , the 
be , e.g. , TaN , and the barrier layer can be , e.g. , metal 40 interlevel dielectric material 28 is deposited over and sur 
material such as by way of non - limiting example , Cobalt . A rounding the via structures 22 ( e.g. , interconnect structures ) . 
copper seed layer ( also shown by reference numeral 18 ) can In embodiments , the interlevel dielectric material 28 can be 
be deposited within the openings , over the liner and barrier any low - k dielectric material , e.g. , oxide , deposited by a 
layer . The seed layer can be deposited using either thin conventional deposition method . For example , oxide can be 
sputtering techniques or CVD processes . In embodiments , 45 deposited by a conventional CVD process . The interlevel 
the liner and barrier material 18 can be deposited to a dielectric material 28 is then etched back , followed by a 
thickness of about 3 nm or less to reduce resistance , while non - ionic surfactant aided by a CMP process ( which also 
being thick enough to prevent metal , e.g. , copper , diffusion . removes barrier metal 26 from a top surface of the via 
As shown in FIG . 3 , a conductive material 20 is formed structures 22 ) . In this way , the interlevel dielectric material 

within the openings 16. In embodiments , the conductive 50 28 and the via structures 22 ( e.g. , interconnect structures ) 
material is copper ( Cu ) , deposited using an electroplating will form a planar surface . 
process . Any residual metal material 20 on the surface of the FIG . 6 shows an upper metal layer 30 in contact with the 
material 12 can be removed by a CMP process . via structures 22. In embodiments , the upper metal layer 30 

In FIG . 4 , via structures 22 , e.g. , interconnect structures , is a same material as the lower metal layer 14 , e.g. , copper . 
are grown on the conductive material 20 using a glancing 55 The upper metal layer 30 can be deposited by any conven 
angle deposition process . By using the glancing angle depo tional deposition method including , e.g. , plasma vapor depo 
sition process , via structures can be fabricated prior to the sition ( PVD ) processes . 
deposition of interlevel dielectric material , resulting in less The method ( s ) as described above is used in the fabrica 
fabrication processes and manufacturing costs . The via tion of integrated circuit chips . The resulting integrated 
structures 22 can be formed of copper material ; although 60 circuit chips can be distributed by the fabricator in raw wafer 
other metal or metal alloy materials are also contemplated form ( that is , as a single wafer that has multiple unpackaged 
by the present disclosure . It should also be understood by chips ) , as a bare die , or in a packaged form . In the latter case 
those of ordinary skill in the art that the via structures 22 will the chip is mounted in a single chip package ( such as a 
be used as interconnects between different wiring layers , plastic carrier , with leads that are affixed to a motherboard 
e.g. , lower wiring layer 12 and an upper wiring layer . 65 or other higher level carrier ) or in a multichip package ( such 

It should be further understood by those of skill in the art as a ceramic carrier that has either or both surface intercon 
that the glancing angle deposition process comprises physi nections or buried interconnections ) . In any case the chip is 
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then integrated with other chips , discrete circuit elements , forming a barrier layer in the one or more openings ; 
and / or other signal processing devices as part of either ( a ) an forming a conductive material on the barrier layer through 
intermediate product , such as a motherboard , or ( b ) an end an electroplating process ; 
product . The end product can be any product that includes performing an oblique angle deposition process to form 
integrated circuit chips , ranging from toys and other low - end 5 via structures on the conductive material ; and 
applications to advanced computer products having a dis forming an interlevel dielectric material over the via 
play , a keyboard or other input device , and a central pro structures . 

10. The method of claim 9 , wherein the via structures are The descriptions of the various embodiments of the composed of copper material . present disclosure have been presented for purposes of 10 11. The method of claim 9 , wherein the insulator material illustration , but are not intended to be exhaustive or limited is a nitrogen carbide material . to the embodiments disclosed . Many modifications and 12. The method of claim 9 , further comprising lining the variations will be apparent to those of ordinary skill in the 
art without departing from the scope and spirit of the one or more openings with a liner , prior to the electroplating 
described embodiments . The terminology used herein was 15 process . 
chosen to best explain the principles of the embodiments , the 13. The method of claim 9 , further comprising forming a 
practical application or technical improvement over tech barrier material on the via structures , prior to the forming of 
nologies found in the marketplace , or to enable others of the interlevel dielectric material . 
ordinary skill in the art to understand the embodiments 14. The method of claim 13 , wherein the barrier material 
disclosed herein . 20 is a self - forming barrier material . 
What is claimed : 15. The method of claim 13 , wherein the barrier material 
1. A method comprising : is Ru or Co. 
depositing a material on a lower wiring layer ; 16. The method of claim 9 , further comprising etching 
forming one or more openings in the material ; back and planarizing the interlevel dielectric material to 
filling the one or more openings with a conductive mate- 25 expose the via structures and forming an upper wiring layer 

rial ; on the exposed via structures . 
growing via structures on the conductive material ; 17. The method of claim 16 , wherein the insulator layer forming interlevel dielectric material on the via structures ; and interlevel dielectric material are different materials . 
and 18. A method comprising : forming an upper wiring layer on the interlevel dielectric 30 patterning a nitrogen based material formed on a wiring material and in contact with the via structures , layer ; wherein the growing comprises an oblique angle deposi depositing liner and barrier material in the pattern of the tion process . 

2. The method of claim 1 , wherein the via structures are nitrogen based material ; 
metal interconnect structures composed of copper material . 35 filling in the pattern over the liner and barrier material 

with conductive material using an electroplating pro 3. The method of claim 1 , wherein the via structures are 
cess ; vertical via structures of copper material . 

4. The method of claim 1 , wherein the material is a growing vertical via structures on the conductive material , 
which comprises a glancing angle deposition process nitrogen carbide material . 

5. The method of claim 4 , further comprising lining the 40 under conditions of at least obliquely incident flux ; 
one or more openings with a liner and barrier material , prior depositing a low - k dielectric material on the via struc 
to the filling of the one or more openings with the conductive tures ; 
material . etching back the low - k dielectric material ; 
6. The method of claim 5 , wherein the filling the one or planarizing the low - k dielectric material and the via 

structures , and more openings with a conductive material is an electroplat- 45 
ing process using copper material . forming an upper wiring layer on the low - k dielectric 

material and in contact with the via structures . 7. The method of claim 6 , further comprising forming a 
barrier material on the via structures , prior to the forming of 19. The method of claim 18 , wherein the growing vertical 
the interlevel dielectric material . via structures on the conductive material is an oblique angle 

deposition process . 8. The method of claim 7 , wherein the barrier material is 50 
a self - forming barrier material . 20. The method of claim 18 , wherein the growing vertical 

9. A method comprising : via structures on the conductive material comprises the 
forming an insulator material on a lower wiring layer ; glancing angle deposition process under conditions of 

obliquely incident flux and adatom diffusion . forming one or more openings in the insulator material to 
expose portions of the lower wiring layer ; 


